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Abstract 
Functional connectivities throughout the whole brain were examined in schizophrenic patients (Sch), their unaffected 
siblings (Usib) and healthy controls (HC) using resting-state functional magnetic resonance imaging. The 
abnormalities in functional connectivity were identified both in schizophrenic patients and in their unaffected siblings 
via two-sample T-test at the threshold of P<0.05 between 24 Sch and 25 HC, 25 Usib and 25 HC, respectively. From 
the results of the two-sample T-test, it was found that schizophrenic patients and their unaffected siblings show 
similar abnormalities in resting-state functional connectivity, including 97 decreased functional connectivities and 22 
increased functional connectivities. The experiment results, to some extent, provided a powerful support for 
inheritance characteristic of schizophrenia. 
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1.Introduction 
Schizophrenia is a psychotic disorder that alters patients’ perception, thought processes, and behavior 
as evidenced by hallucinations, delusions, disorganized speech or behavior, social withdrawal, and varied 
cognitive deficits [1]. Shortly after schizophrenia was named by Eugen Bleuler in 1908, it was observed 
that schizophrenia would often run in families [2]. Healthy siblings of schizophrenia patients have an 
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almost 9-fold higher risk for developing the illness than the general population [2, 3]. Thus, investigations 
have gradually shifted from studies of schizophrenia to their unaffected siblings or both of them [4, 5, 14, 
15].  
In recent years, lots of researchers have focused study on digging the evidence which could prove the 
inheritance characteristic of schizophrenia through different aspects using different analysis methods, 
aiming to gain some convictive results. Fan et al. have proved that schizophrenic patients and their 
unaffected family had highly overlapping structural profiles through a high-dimensional pattern 
classification study [4]. Contrasting to the result of the similar abnormalities in brain structure between 
schizophrenic patients and their unaffected siblings, more relative work in resting-state functional 
connectivity has been done. Neil et al. found that the schizophrenia and unaffected siblings all showed 
greater BOLD response in the right dorsolateral prefrontal cortex during a 4-choice reaction time [14]. 
Liu et al. have demonstrated that schizophrenic patients and their unaffected siblings share increased 
connectivity in the task-negative network (TNN) but not its anticorrelated task-positive network (TPN) 
[5], applying the seed-region method, i.e., using the posterior cingulate cortex/precuneus and right 
dorsolateral prefrontal cortex as seed regions to identify the TNN and TPN through functional 
connectivity analysis [5]. Similar to [5], seed-region methods were also used in [15], in which the 
functional connectivity was analyzed between the chosen seed region in Broca’s area and the remainders 
of the whole brain during a lexical decision task in three groups, i.e., schizophrenic patients, subjects at 
greater risk for developing schizophrenia and healthy control [15]. Latterly, all kinds of brain networks, 
including a default mode network (DMN), a dorsal frontal-parietal network (FPN), a cingulo-opercular 
network (CON), and a cerebellar network (CER), were chosen for schizophrenia study in order to identify 
important results in schizophrenia pathophysiology [16, 17, 18, 19, 20, 21].  
However, most previous investigations which took unaffected siblings of schizophrenic patients in 
account did not cover the resting-state functional connectivity of the whole brain. Therefore, in the 
present study, we focused on the whole brain functional connectivity of the two groups compared with 
healthy controls to find out the probably existent functional dysconnectivity. In addition, It has been 
already a demonstrated fact that there exists functional dysconnectivity in schizophrenia [6, 7, 8, 9]. And, 
the functional dysconnectivity between many cortical and subcortical regions in schizophrenia, such as 
the frontal lobe, the temporal lobe, the parietal lobe, the basal ganglia, the thalamus and the cerebellum, 
have been reported using functional connectivity with fMRI [8, 9]. Therefore, investigations of functional 
dysconnectivities in Usib were more and more attention-getting [5].  
It is meaningful to investigate whether the similar functional dysconnectivity happens in the unaffected 
siblings of the schizophrenia. In this paper, we hypothesized that similar abnormalities in resting-state 
functional connectivity existed between schizophrenic patients and their unaffected siblings. We have 
chosen the whole brain functional connectivities of schizophrenic patients, their unaffected siblings and 
the healthy controls for study. Two-sample t-test at the threshold of P<0.05 was applied between 
schizophrenic patients and the healthy controls, the unaffected siblings and the healthy controls, 
respectively, aiming to achieve convictive result for the hypothesis. 
2.Materials and Methods 
2.1.Participants 
There are totally 75 participants involved in our study. 25 patients with schizophrenia were recruited 
from the Department of Psychiatry, Second Xiangya Hospital of Central South University, Changsha, 
China. Structured Clinical Interview for DSM-IV, as well as Patient version SCID-I/P, was organized to 
evaluate all the patients, who must meet the DSM-IV diagnostic criteria for schizophrenia. All the 
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patients had no history of neurological disorder, severe medical disorder, substance abuse, or 
electroconvulsive therapy. In addition, 6 of the patients were drug naïve, while the remainder were 
receiving antipsychotic medications at the time of image acquisition (risperidone [n=10, 2-6mg/day], 
clozapine [n=4, 200-350 mg/day], quetiapine [n=4, 400-600 mg/day], and sulpiride [n=1,200 mg/day]).  
Corresponding to the schizophrenic patients, their unaffected siblings were recruited such that each 
patient had a sibling in the present study, totally 25. The inclusion and exclusion criteria were the same as 
those for the patients except that the siblings do not meet the DSM-IV criteria for any Axis-I psychiatric 
disorders. 25 healthy controls were recruited from the Changsha city. The information of schizophrenic 
patients, their unaffected siblings, and the healthy controls were listed in Table 1, including the 
information of sex, age, and education, etc. 
Table 1. Demographic and clinical profiles of the participants in this study 
 
Variable Schizophrenic patient Healthy sibling Healthy control 
Sample size 25 25 25 
Gender (M/F) 13/12 14/11 15/10 
Age (year) 25.36±6.32 25.56±6.78 25.48±5.45 
Education (year) 12.28±2.5 12.48±2.52 13.68±2.85 
PANSS total 87.24±12.23   
PANSS positive 21.92±4.74   
PANSS negative 23.36±5.7   
PANSS general 41.96±6.39   
Note: PANSS= Positive and Negative Syndrome Scale. 
 
All participants were right handed in the present study. They all gave written, informed consent prior 
to taking part in the study, which was approved by the ethics committee of the Second Xiangya Hospital, 
Central South University. 
For simplicity, we use abbreviations Sch, Usib, HC to denote schizophrenic patients, their unaffected 
siblings and the healthy controls, respectively. 
2.2.Image Acquisition and Preprocessing 
Imaging was performed on a 1.5T GE Signa Twinspeed scanner (General Electric Medical System, 
Milwaukee, Wisconsin). Echo planar imaging blood oxygen level-dependent images of the whole brain 
were acquired in 20 axial slices: repetition time/echo time = 2000/40 ms, flip angle = 90º, field of view = 
240×240 mm, matrix = 64×64, thickness/gap=5/1 mm. During the image acquisition, foam pads and 
earplugs were used to minimize head motion and scanner noise, respectively. Finally, an fMRI scan 
lasting for ~6 min and with 180 volumes were obtained from each participant. 
Image preprocessing was conducted using the SPM5 software (Wellcome Department of Imaging 
Neuroscience, London, UK, http://www.fil.ion.ucl.ac.uk/spm/software/spm). Before image preprocessing, 
the first 5 volumes of each functional time series were discarded for scanner calibration and served to 
acquaint participants with experimental conditions. The remaining 175 fMRI images were corrected for 
the acquisition delay between slices and for head motion. In order to reduce confounding effect, linear 
regression analyses was used to remove six motion parameters, linear drift, and the mean time series of all 
voxels from the functional data in the whole brain following spatial normalization (resampling to 3×3×3 
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mm3) and spatial smoothing (full width at half-maximum = 8×8×8 mm3). After preprocessing, the fMRI 
data was temporally band-pass filtered (0.01-0.08Hz) to reduce low-frequency drift and high-frequency 
noise. 
After image preprocessing, one schizophrenia participant was discarded due to the exceeding 
displacement, resulting in 24 Sch, 25 Usib and 25 HC. 
2.3.Functional connectivity analysis 
After image preprocessing, the fMRI volumes were further divided into 116 regions according to the 
anatomically labeled template previously validated and reported by Tzourio-Mazoyer et al. [10]. The 
cerebra was divided into 90 regions (45 in each hemisphere), while the cerebella was divided into 26 
regions, including nine in each cerebellar hemisphere and eight in the vermis. In order to analyze the 
whole brain functional connectivity more intuitionisticly and simplify the reporting results, we classified 
all the 116 regions into nine brain area categories according to [10] as that in [6], including the prefrontal 
lobe, the rest of the frontal lobe, the parietal lobe, the occipital lobe, the temporal lobe, the insula, the 
corpus striatum, the thalamus and the cerebellum, which abbreviations are PreF, OthF, Par, Occ, Tem, Ins, 
CS, Tha and Cere, respectively. In this way, each functional connectivity can be regarded as a within-
region connectivity or a between-region connectivity. 
For schizophrenic patients, their unaffected siblings and the healthy controls in our study, the fMRI 
time series over all voxels in each region were averaged to obtain the mean time series of each of the 116 
regions, resulting in a matrix of 175×116 for each subject. Correlation coefficients were then computed 
between each pair of the 116 regions, generating the final 116×116functional connectivity matrix. 
In the present study, functional connectivities were considered to be the evidence of the similar 
abnormalities between Sch and Usib contrasting to HC if only they met the following criteria:  
First, the functional connectivities were significantly different between Sch and HC at the threshold of 
P<0.05 through twice two-sample one-tailed t test, right and left, respectively; Meanwhile, they showed 
similar differences between Usib and HC, also at the threshold of P<0.05 through the same two-sample 
one-tailed t test. 
A functional connectivity was regarded as the evidence of the similar dysconnectivities between Sch 
and Usib as long as it satisfied the above criteria. 
According to the criteria, we first obtained the functional dysconnectivities between Sch and HC, Usib 
and HC, respectively. The similar abnormalities in resting-state functional connectivity between Sch and 
Usib contrasting to HC were then demonstrated, including decreased/increased connectivities related to 
each of the nine brain areas. 
3.Results 
Through twice two-sample t-test at the threshold P<0.05, the functional dysconnectivities in Sch and 
Usib were both demonstrated comparing to HC, which are 553 decreased connectivities and 145 
increased connectivities in Sch, while   311 deceased ones and 233 increased ones in Usib. As a result, 
119 similar abnormalities in functional connectivity were demonstrated between Sch and Usib, including 
97 decreased connectivities and 22 increased connectivities.  
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Table 2. Similar abnormalities in decreased/increased functional connectivity between Sch and Usib. (The data in the table denote 
the amount of decreased/increased functional connectivities between brain areas) 
Dec./Inc. PreF OthF Ins Occ Tem Par CS Tha Cer 
PreF 2/7 -/- -/- -/- 10/- -/6 -/- -/- 15/-
OthF -/- -/- -/- -/- 1/- -/1 -/- -/- 7/- 
Ins -/- -/- -/- -/- 4/- -/- 1/- -/- 1/- 
Occ -/- -/- 4/- -/- -/- 5/- -/- -/- 3/1 
Tem 10/- 1/- -/- -/- -/2 5/- -/- -/- 4/1 
Par -/6 -/1 -/- 5/- 5/- -/3 -/- -/- 18/-
CS -/- -/- 1/- -/- -/- -/- -/- -/- 1/- 
Tha -/- -/- -/- -/- -/- -/- -/- -/- -/- 
Cer 15/- 7/- 1/- 3/1 4/1 18/- 1/- -/- 20/1
The numeric results were illustrated in Table 2, in which ‘-’ denotes that there are no abnormal 
connectivities between the two corresponding brain areas, while the number denotes the amount of 
decreased/increased functional connectivites between the two corresponding brain areas. In addition, the 
type of abnormality in functional connectivity, decreased/increased, was illustrated in the top left corner 
of the tables, and names of the nine brain areas were located in upper and left of the tables, respectively. 
And the quantitative analysis was given in the table, from which we can figure out the similar 
abnormalities in functional connectivity between schizophrenic patients and their unaffected siblings. 
In addition, in order to conveniently visualize the results of functional dysconnectivity, the nine brain 
areas are arranged in an ellipse and the functional connections between them are represented as lines 
linking them, see Fig.1. The decreased/increased functional connectivities were illustrated in Fig.1.A and 
Fig.1.B, respectively. What’s more, in order to take on the abnormality extent of the nine brain areas, a 
histogram was drawn to reflect it, see Fig.2. 
From the results, we found that schizophrenic patients and their unaffected siblings show similar 
abnormalities in functional connectivity almost in all the brain areas except the thalamus. There are 
several brain areas which exhibit more abnormally in functional connectivity, including the prefrontal 
lobe, the parietal lobe, the temporal lobe & medial temporal system, and occipital lobe, all of which are 
belong to the cerebra. From Fig.1, we can figure out that the cerebella also played an important part in the 
demonstration of the existed similar abnormalities between Sch and Usib. 
 
Fig. 1. Functional dysconnectivities between brain areas.( The solid circles denoted the nine brain areas, the size of which visualized 
the size of the brain areas. The abnormal connectivities between two areas were represented as lines linking them, and the width of 
the line reflected the extent of the abnormality. Fig.1.A represented the decreased connectivities between brain areas, while Fig. 1.B 
represented the increased connectivities.) 
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Fig. 2. Abnormality extent of  the nine brain areas (The numbers of  decreased/increased connectivities related to the nine brain 
areas are illustrated in left and right of the figure, respectively ) 
4.Discussion 
Previous studies have proven that there exist functional dysconnectivites in schizophrenia [5, 6, 11, 12, 
13], while healthy siblings of schizophrenia patients have an almost 9-fold higher risk for developing the 
illness than the general population [2, 3], which gave us the theoretical support to study the similar 
abnormal connectivities between Sch and Usib.  
In the present study, the whole brain functional connectivities have been analyzed to find out the 
similar functional dysconnectivities between schizophrenic patients and their unaffected siblings. Three 
groups were involved in our study, i.e., schizophrenic patients, the unaffected siblings and the healthy 
controls without family history of schizophrenia. As a result, similar abnormalities in resting-state 
functional connectivities have been demonstrated between Sch and Usib, including 97 decreased 
connectivities and 22 increased connectivities. 
To our knowledge, many recent investigations about schizophrenia have involved the unaffected 
siblings. Both schizophrenic patients and their unaffected siblings showed hyperconnectivity between the 
bilateral ITG using seed-region method [5]. Reduced activation correlations between seed region, i.e., 
Broca’s area, and the remainder regions of the whole brain have been demonstrated both in schizophrenic 
patients and their unaffected siblings during a visual lexical decision task [15]. In addition, both 
schizophrenic patients and the unaffected siblings have been proved to show greater BOLD response in 
the right dorsolateral prefrontal cortex during CRT task blocks [14]. In [21], it was identified that 
schizophrenic patients and their unaffected siblings showed impairments in the connectivity across 
networks which involved FPN, CON, and CER. These reports all gave the evidence that schizophrenic 
patients and their unaffected siblings exhibited similar dysfunction in the brain through different aspects. 
However, most of the reports about healthy siblings of the schizophrenia are about local brain areas 
analysis or about some task problem. Different from that, we have chosen the whole brain during resting-
state for analysis of the functional connectivities just as what have been done in [6]. Liang et al. also 
studied functional dysconnectivities throughout the whole brain, but they just focused on the 
abnormalities in schizophrenia, not including their unaffected siblings, what’s more, the threshold used 
for two-sample t-test in [6] was P<0.01 which is different from ours, P<0.05. In result of our study, 
Schizophrenic patients and their unaffected siblings mainly showed similar decreased functional 
connectivities (97 out of a total of 119 functional dysconnectivities) during the resting state comparing to 
the healthy controls. In [6], they also found that schizophrenic patients mainly showed decreased 
functional connectivities (158 out of 177 abnormal functional connectivities), which were related to all of 
the nine brain areas [6]. In our study, the abnormal brain areas included eight of the nine brain areas, 
especially the cerebra, the prefrontal lobe, the parietal lobe, and temporal lobe & medial temporal system, 
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see Fig.2. All the functional dysconnectivities found in our study were contained in those that have been 
reported in schizophrenia [5, 6, 11, 12, 13], which indicated that the similar dysconnectivities between 
Sch and Usib were parts of that in schizophrenia, and obviously it was reasonable. Previous studies have 
proven that there exists functional dysconnectivity related to the thalamus [6, 7, 8, 9], however, similar 
functional dysconnectivites related to it were not found in our study. In addition, we found the similarly 
interesting result as in [6] that functional dysconnectivities were mainly related to the cerebellum except 
that the abnormalities they found are increased while ours are decreased. 
Similarity in functional dysconnectivities between Sch and Usib were illuminated in our investigation, 
proving the inheritance characteristic of schizophrenia in a certain extent. The results were compatible 
with previous investigations. 
5.Conclusion 
In the present study, the functional connectivites throughout the whole brain in schizophrenic patients, 
their unaffected siblings and the healthy controls were investigated using resting-state fMRI, aiming to 
obtain the evidence that Sch and Usib showed similar abnormalities in resting-state functional 
connectivity. We found that there really existed similar functional dysconnectivities between Sch and 
Usib, most of which were decreased connectivities (97 out of the total 119) and related to all of the brain 
areas except the thalamus (Tha). The results also, to some extent, supported the inheritance characteristic 
of schizophrenia. 
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